Some clay minerals are used and expected as barrier materials for engineering and in nature. Hydrotalcite, mg 6 al 2 [(OH) 16 |CO 3 ]4H 2 O and a kind of LDH (layered double hydroxides), is one of the most effective candidates for the anion adsorbents and the barrier. In this study, the behavior of hydrotalcite was investigated by means of the molecular dynamics method. Cl − and I-hydrotalcite − water systems were simulated for various mineral/water ratios.
Introduction
Some clay minerals have been used and are expected to be used as barrier materials against cations, anions, water and aqueous solutions, gasses, etc. for engineering systems and in nature.
Smectite is one of the most effective materials as cation adsorbents, water sealing, etc. in the potential engineering barriers for industrial and radioactive waste disposals, etc. On the other hand, anion mobility seems to be fairly large and the absorbability of anions is poor in smectite clays. Hydrotalcite, mg 6 al 2 [(OH) 16 |CO 3 ]4H 2 O, is one of the most effective candidates for the anion barriers.
Hydrotalcite is a mineral relating to simple hydroxide minerals, brucite (mg(OH) 2 ) and gibbsite (al(OH) 3 ) having a sheet structure composed of edge-sharing octahedra. Hydrotalcite and related minerals with only octahedral cations of mg 2+ and/ or al 3+ are listed in Table 1 according to Struntz mineralogical Tables [1] . The octahedral sites are occupied mainly by mg ions and some by al 3+ ions, and the substitution of divalent cations by trivalent cations causes the positive layer charges.
Because of the solid solution of al 3+ and mg 2+ ions in the octahedral sites, and uncertainty of cation distribution in the octahedral sites, and of species of anions or anionic molecules and their amounts, and of amount of H 2 O molecules in the interlayer region; the crystal chemistry is not known completely yet. molecular dynamics simulations (mD) of halide bearing hydrotalcite have been carried out by some researchers. wang et al. [2] reported the mD simulations of hydrotalcite with inter- The mD simulation codes, mXDOrTO and mXDTrICL [4] were used. at least, a 100,000 steps calculation was performed for the initial relaxation for each system. Subsequent 100,000 to 2,000,000 steps simulations for each system were carried out to obtain ensemble averaged properties.
Molecular dynamics simulations and interatomic potential model
Before the mD calculations of surface-water drop systems, wide areas of hydrotalcite surfaces were prepared, and water drops in vacuum were prepared separately and equilibrated for 3000 H 2 O molecule systems. mD calculations were started from the system containing the sheet of clay mineral and a water drop. The clay surface-external water systems were also simulated to obtain the interface properties.
The interatomic potential model used in this study is the pair atom central force model with full freedom of atom motions which was described by Kumagai et al. [5] , Nakano et al. [6] , and Kawamura [7] . The three body force term was added for H 2 O molecule. The two body terms represent Coulomb, van der waarls, non-bonding short-range repulsive, and radial covalent terms (three terms) in the sequence of the following formula: 
The parameters appearing in this formula, z, c, a, and b, for atoms, D 1 , D 2 , D 3 , β 1 , β 2 , β 3 , and r 3 for atom pairs, f k , θ 0 , g r , and r m for three atoms, were presented for the molecular simulations of systems relating to H 2 O, CO 3 2-, clay minerals, and related crystalline materials ( Table 2) .
using therse parameters, the lattice parameters and crystal structures of brucite, gibbsite, and hydrotalcite were reasonably reproduced as shown in Table 1 . The crystal data of hydrotalcite by allmann and Jepsen [8] and
by Bellotto et al. [9] are shown in Table 3 
Wetting of water on hydrotalcite surface
Hydrotalcite surface − water systems were investigated by MD simulations to obtain the wetting behavior, the local properties, structure, density, diffusion coefficient, and viscosity of water as functions of distance from hydrotalcite surface.
wetting of water on the Cl − and I-hydrotalcite surface was investigated using mD calculations. a water drop was positioned initially just in the vicinity of the surface with the whole drop velocity at zero ( Figure 5 ), then mD calculations were started.
The water drop is composed of 3000 H 2 O molecules and well relaxed previously. The structural snap shots of steady state related structures are displayed in Figure 6 . Both Cl − and I-hydrotalcite show very good wetting behavior where wet angles are well less than 30 degrees. In both structures, most of the Table 3 . The crystal data of hydrotalcite reported by allmann and Jepsen (1969) [6] and Belloto et al. (1996) [7] . SOF: site occupancy factor, ITF: isometric temperature factor. anions attach to the hydrotalcite sheet surfaces directly and only a small number of anions are fully hydrated unlike the case of Na-smectite surfaces where the surface has very good wetting properly and the all cations are fully hydrated [10] .
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Local structure and properties of water between hydrotalcite surfaces
As the hydrotalcite − intergranular (external or outside interlayer region) water systems, we simulated mg 6 al 2 (OH) 16 
Conclusions
The crystal structure of hydrotalcite was reasonably modeled and reproduced using molecular dynamics simulations with the appropriate interatomic potential model of hydrotalcite sheet, ior with wetting angle well less than 30 degrees. we performed hydrotalcite − intergranular (pore) water systems, and calculated local density, diffusion coefficients, and viscosity of water.
The behavior of hydrotalcite surface − external water resembles that of brucite surface. But wetting property of hydrotalcite is much better than that of brucite. The decrease of the viscosity of water at the interface between mineral suface and pore water is more prominent in hydrotalcite than in brucite.
